In this paper I di¤erentiate between two types of bene…ts of open innovation. Network externalities e¤ect happens when open innovation increases the participation of one group of users which increases the value of adoption for another group of users. Learning e¤ect happens when economic actors increase their knowledge through access to external sources of knowledge. I investigate how each e¤ect can be dominant depending on nature of products, by drawing upon previous research in product modularity. In addition I discuss the factors which will strengthen or weaken the e¤ects of each dimension. The main variables which in ‡uence learning are, tacitness of knowledge, technological opportunities, appropriability of knowledge and turbulence. Network externalities e¤ect can be strengthened by increased user innovation.
Introduction
Open innovation refers to the creation and development of channels through which …rms access external sources of knowledge (Chesbrough, 2003) . The idea that innovation is a collective process which involves many actors and their interactions is not new, and dates back to the concept of collective invention (Allen, 1983 ). Since then, research has developed along various lines, one of which is inter-organizational networks which act as the "locus of innovation" (Powell et al., 1996) . What is relatively Multi-sided markets refer to those which serve two or more distinct user groups.
There is now plenty of literature which captures the dynamics of such markets (Gawer and . Some commonly cited examples are shopping malls which unite merchants and shoppers, credit card systems which serve merchants and card owners, video game consoles which supply to game developers and players, operating systems from which both end users and application developers make use of. Usually, these industries are characterized by indirect network externalities where increased adoption by one group will increase the value of adoption to the other group. 1 On the other hand, in single sided markets the producer or the service provider serves a single group of users. Examples are automobiles, airplanes, clothes. In these markets producers and consumers interact through a single market.
The main idea underlying this paper is that of how each of these dimensions will be strengthened or weakened depending on knowledge base. Some concluding remarks and directions for future research follow. One of the factors which in ‡uence the relationship between organizational structure and modularity is the nature of knowledge. Knowledge can be inexpensively reproduced (expansible) and it is non-rivalrous (its use by one party does not exclude others from using it). 2 These features of knowledge in ‡uence the sources of economies of scale and scope in the industry. According to Steinmuller (2007) the expansibility and non-rivalrous properties of knowledge in the ICT sector results in the ability with which an original design can be re-used in meeting di¤erent markets, which is a source of economies of scope. In this case, the "…rst mover" advantage in innovation may not last for long since rapid technological change will increase the opportunities to make new and improved designs by rival …rms. In other words, economies of scope in ICTs stems from the ability to "address di¤erent application needs with the same designs" (Steinmuller, 2007, p. 198 ). This creates important 2 The costs of transferring knowledge depends on knowledge tacitness.
Product modularity
opportunities for product di¤erentiation.
The relationship between organizational structure and modularity is restructured in the case of ICTs. Essentially this implies a change in the fundamental dilemma faced by …rms on "making or buying". Various lines of research have contributed differently to the question of how …rms decide to make or buy components. Transaction cost economics (Williamson, 1985) and knowledge based theories of the …rm (Kogut and Zander, 1992; Grant, 1995) are notable in this sense. TCE has approached the question from an e¢ ciency perspective, and focused on relative costs of exchange in markets and hierarchies. Knowledge base theories has focused on creation of knowledge and product characteristics in de…ning …rm boundaries.
In the case of ICTs a di¤erent extension to this question has taken place, that is beyond the classic trade-o¤ between "making or buying". Here, one of the decisions faced by the innovator …rm has shifted to whether to produce its complementary products within the …rm or create an external access to its standard and facilitate the provision of complementary products by other …rms. This implies that "make or license" decision has become an additional dimension along side the "make or buy" decision. One of the distinct examples in the computer industry has been the case of IBM in the beginning of 90s. Before this period IBM was the sole producer of its hardware and software; a highly integrated …rm which was largely carrying out in-house R&D and developing, distributing and providing maintenance for its systems all by itself. During the 90s, as …rms like Microsoft and Intel increased their market share, and as more and more …rms entered the computer market IBM faced a fundamental shift from a highly integrated organization to a central …rm taking place in a dense web of other actors, as providers of software, operating systems and hardware components. Today the di¤erence between Apple and IBM is an example to the decision between "make or buy" and "make or license" where Apple still preserves a highly integrated structure.
Based on the discussion above, modular product architectures have usually been accompanied by a modular organizational structure in the case of ICTs. The shift in the nature of the make or buy decision has implications for the extent to which the market will subdivide into di¤erent users. Because of the non rivalrous and expansibil-ity feature of knowledge as an input, ICT industry prepares a suitable ground for the emergence of multi-sided markets, in which the innovator …rm supplies to a variety of customer groups. This depends largely on the strategic decision of the standard owner which is constrained by the current state of technology, appropriability conditions and characteristics of the industry. As Schilling (2000) mentions, the ability with which the consumer can separate and reintegrate a product, the utility derived from doing so, and the complexity of the product increases the extent to which organizations will be modular, where this has been the case in ICT based industries. 
Network Externalities E¤ect
One of the implications of open innovation strategies adopted by platform leaders in multi sided markets is to reduce the costs of access to the platform by di¤erent user groups. These costs stem from the complexities involved in accessing the platform and / or the license fees and royalties which accompany access. It is possible to di¤erentiate between two types of bene…ts of adopting an open innovation strategy in multi-sided markets. Firstly, one of the building blocks of open innovation is that reducing the costs of access to a standard attracts more complementary producers to the standard, which will increase the value of adoption as perceived by …nal consumers and producers themselves. Secondly, open innovation strategies will induce more learning by all actors in the system, which may result in higher rates of innovation, which in turn will increase the value of further adoption. The …rst e¤ect is quantitative in nature, the second is qualitative. Usually, these two e¤ects will reinforce each other.
The more is the number of actors involved, the more chances to recombine knowledge of various actors, and the more chances of innovation. The extent of learning does not only depend on the strategies of the standard controllers, but also the extent to which other …rms participate in the learning process, which is to say the extent to which they are "open" to external channels of knowledge.
Learning E¤ect
The 
A Taxonomy of Industries: The e¤ect of open innovation
The bene…ts of open innovation strategies adopted by …rms are plenty. However, the type of bene…ts that open innovation brings are di¤erent in di¤erent market contexts.
In multi-sided markets there are strong network externality e¤ects. By adopting open innovation strategies …rms have the possibility to increase their market share directly by increasing the number of participants in both sides of the market. In other cases where markets are single sided, the bene…ts of open innovation strategies accrue mainly through organizational learning, in which …rms have access to others'knowledge, which acts as a channel through which they can increase their own innovation. In addition partners have the chance to learn about their social networks using the platform.
II. Multi Sided Markets
In box IV, single sided markets are placed, which are usually characterized by supply chains, with the exception of pharmaceuticals in which the relations are mostly based on market access capabilities of large …rms by small biotechnology …rms. In this case network externalities are limited but organizational learning e¤ect is dominant.
In these industries long term relations among …rms which are based on trust is an important factor conducive to increased learning. An example in which the learning e¤ect is more dominant than the network externalities e¤ect is the case of Toyota network (Dyer and Nobeoka, 2000) . Toyota is operating in a single sided market, where consumers buy cars. In this case network externalities are limited. Although products in most of the boxes above can contain modularity in their architecture, the boxes in the bottom of the table are not modular products for endusers. Usually in these industries, especially in complex product systems, a systems integrator is responsible from integrating the components to produce the …nal product. Whereas in the upper part of the box, choices of customers play an important role and there is a greater scope for customization of the …nal product. Because of the nature of complementarities, the demand for one part of the market will bene…t the other markets automatically. 
III. Single Sided Market Low Networking

Network Externalities
Increasing the Learning E¤ect of Open Innovation
In general, the learning e¤ect depends on the extent to which …rms bene…t from opening their knowledge base to external channels of knowledge. In turn, this depends on transferability of knowledge, ease of imitation, technological opportunities and the extent of turbulence . We explore each factor below.
Tacitness of knowledge base and appropriability
Tacit knowledge can be better transferred through repeated contacts and strong links between parties (Cowan et al., 2000) . On the other hand codi…ed knowledge can be transferred through weak links. In addition, when there is a high degree of specialization, the costs of knowledge transfer will be lower within specialized groups and higher between groups. For example, Kogut and Zander (1992) , take …rms as social Based on this knowledge-based view of organizations, where knowledge is highly tacit, its transfer among people working within a specialized group is easier than it is to transfer it between di¤erent groups. As knowledge becomes more codi…ed, costs of communication between people fall but imitation becomes easier. Therefore in industries where knowledge is highly tacit, promoting the formation of specialized teams will increase the extent of learning within teams. Therefore to increase the bene…ts of open innovation in the learning dimension, …rms operating in tacit knowledge regimes can promote the creation of specialized teams focusing on speci…c problems or areas of improvement.
In codi…ed knowledge base regimes, it is more di¢ cult to appropriate the returns from knowledge because of imitation risk by competitors. Therefore …rms operating in codi…ed knowledge base regimes can …nd it more bene…cial to realize learning potential through involvement of more heterogeneous groups as customers, suppliers and buyers. Because knowledge transfer is easier, in these industries creation of online platforms for meeting of heterogenous groups will increase the extent of learning.
Technological Opportunities and Turbulence
The rapid innovations and increasing product complexity in knowledge intensive industries have not only raised the requirements for compatibility among product components, but have also been accompanied by richer technological opportunities. In Higher technological opportunities increases the innovative potential of the industry (Malerba, 1992) . In these industries, the interactions between …rms are important mechanisms to utilize the potential of these opportunities, which makes …rms more likely to revert to external sources of knowledge. Therefore in industries characterized by high technological opportunities, the learning dimension of open innovation will be stronger. At the same time, technological opportunities can also facilitate the interactions between heterogenous groups and increase the extent of knowledge recombination by making use of diversity among di¤erent user groups. This will strengthen the network externalities dimension of open innovation.
Rapidly changing market conditions and turbulence in the environment will increase the motivation of …rms to be involved in more interactions with each other for the purpose of exploring new knowledge residing outside the …rm boundaries, and to be informed about new developments. Therefore, in many industries, uncertainty and turbulence increases the extent of openness. Therefore, the learning dimension of open innovation will be higher in industries characterized by high uncertainty.
Increasing the Network Externalities E¤ect of Open Innovation
In general the network externalities e¤ect depends on the extent to which the market is divided into di¤erent user groups. In multi-sided markets, there are stronger network externalities than in single-sided markets, as discussed above. However regardless of the market in which the …rm operates, the network externality bene…ts can be increased by creating platforms on which various heterogenous groups can in- 
Concluding Remarks
In this paper we decomposed the bene…ts of open innovation into two dimensions depending on the nature of products in the markets. These dimensions are network externalities e¤ect and learning e¤ect. Network externalities e¤ect occurs when adopting open innovation strategies bene…ts one customer group which indirectly increases the value perceived by the other consumer group.
By the very nature of the ICT industry, increased modularity in product architectures is usually accompanied by increased organizational modularity. In particular,
ICT industries prepare a more suitable environment for the emergence of multi sided markets, although multi sided markets are not con…ned to ICTs only. We argued that Quite contrarily, modularity of …nal products is limited in single sided markets.
In single-sided markets the learning e¤ect is likely to dominate network externality e¤ect depending on the industry, i.e. whether it is characterized by increased inter …rm networking or not. Strategies which enhance learning depends directly on knowledge base regime.
Where knowledge is highly tacit specialized problem solving teams will enhance learning. When there are limited imitation possibilities learning dimension of open innovation will be enhanced. When there are increased technological opportunities, there will be more returns from external interactions in the form of learning. When there is high turbulence, actors will be more motivated to be involved in external interactions which will enhance the learning e¤ect.
